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It has been shown that neighboring group participation plays an important role in the
fragmentation of protonated amides; the attachment of an adjacent functional group capable
of accepting a proton provides alternative pathways of low energy for the formation of the
inevitable N-protonated species in the fragmentation of the amide bond. Under methane
chemical ionization (CI) conditions, protonated aniline (m/z 94) is only 1.6% of the base peak
MH1 ion for acetanilide; the abundance of the m/z 94 ion is increased to 15% for
acetoacetanilide and protonated o-methoxyaniline reaches a relative intensity of 49% for
N-acetyl-o-methoxyaniline. A more striking difference in ease of the formation of protonated
anilines is found for acetanilides bearing a nitro group at different positions. Protonated
nitroaniline (m/z 139) is the base peak in the methane CI spectrum of N-acetyl-o-nitroaniline;
the m/z 139 ion drops to only 0.7% for the para isomer, and this ion is increased to 31.5% in
the spectrum of N-acetoaceto-p-nitroaniline. By employing low energy collision-induced
dissociation, it has been found that the fragmentation of protonated amides proceeds by way
of ion–neutral complexes. In the case of acetanilide, for example, the cleavage of the amide
bond gives rise to an acetylium ion and neutral aniline, which are bound together as a
complex. An a-hydrogen of the acetylium ion, which is activated by the positive charge, is
captured by aniline due to its higher proton affinity as compared with ketene. For those
compounds having mobile protons other than the amidic hydrogen, it is indicated that such
proton has the priority to be transferred in the reaction. Thus, the proton on the free carboxyl
group of N-phenyl succinic and maleic monoamides is transferred in the fragmentation,
leading to anhydrides as the neutral species in the formation of protonated aniline. (J Am Soc
Mass Spectrom 1998, 9, 454–462) © 1998 American Society for Mass Spectrometry
Tandem mass spectrometry [1, 2] has assumedincreasing importance in recent years as a practi-cal means for the structural elucidation of pep-
tides [3–5]. Although mechanisms for the fragmentation
of protonated peptides are not understood in detail, it is
believed that formation of sequence-specific fragment
ions are due to cleavage along the peptide backbone
[6–8]. In many cases, a major reaction of protonated
peptides in low energy (,200 eV in the laboratory scale)
collision-induced dissociation (CID) is cleavage at the
amide bond resulting in b ions if the charge remains on
the N-terminus fragment and in y0 ions when the
C-terminus fragment is charged. It has been shown that
high energy (keV) CID often leads to charge-remote
fragmentation reactions [9, 10], in which product ions
are formed with the charge being localized at the most
basic site, and that low energy collision-induced frag-
mentations are predominated by charge-directed pro-
cesses [11–19]. This implies that cleavage of the amide
bond of protonated peptides at low collision energy is
mainly directed by the extra proton which should be
localized at the amide nitrogen, although this may not
be the thermochemically favored site of protonation.
One feature of low energy CID is that the energy of
the activated ion can be varied by varying the collision
energy [20]. In addition, the time available for fragmen-
tation of the activated ion is longer than in high energy
CID at least when quadrupole collision cells are used in
the low energy CID studies. Consequently, decomposi-
tion reactions that have lower activation energy or
require a longer reaction time are more likely to occur at
the lowest collision energies [14–16]. For example,
fragmentation via an intermediate ion–neutral complex
has been found in recent decades to be prevalent for
many organic ions in the gas phase, by providing a
multistage pathway with a relatively low energy barrier
[21–23]. It is common that the reaction proceeds with
proton transfer between the two incipient fragments
that are bound together within the complex, and this
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has proved to be complementary to the simple separa-
tion process at high energy [21, 24].
The peptide backbone is essentially a combination of
amides, and the fragmentation of the amide bond is an
important part in the mass spectrometry of peptides.
Unfortunately, little attention has been paid to the
fragmentation of protonated amides themselves. For a
simple amide molecule, it is well known that the C–N
bond is highly strengthened due to the n–p conjugation
of the lone pair electrons on the nitrogen atom to the
carbonyl group [25]. Protonation at the amide nitrogen
atom destroys the n–p conjugation and makes it facile
to rupture the C–N bond in reactions such as hydrolysis
in solution and collision-induced fragmentation in the
gas phase. Recent ab initio and semiempirical molecular
orbital calculations [26–28] have also shown that pro-
tonation at that site naturally leads to a significant
decrease in strength of the amide bond. These facts
suggest that the N-protonated species is the inevitable
reacting configuration for amide bond cleavage of both
simple amide molecules and peptides. However, it is
clearly established that the O-protonated species is the
major product for the protonation of amides [29]. More
recently, an experimental and theoretical study [30] of
the simplest example, formamide, has also shown that
the thermochemically favored site of protonation of the
amide is oxygen and that there is a high energy barrier
for transfer of the proton from the oxygen to the
nitrogen, as might be expected for a 1,3-hydrogen shift.
This result is in agreement with earlier studies [31–35].
As for peptides, theoretical studies also have indicated
that the amide nitrogen is not the thermodynamically
favored site of protonation [28, 36–38]; however, proton
transfer in the formation of the N-protonated species
does not require high energy.
Intramolecular proton transfer is a prevalent reaction
for protonated multifunctional compounds due to the
interaction of the functional groups [39, 40]. As for a
peptide molecule, it has long been recognized that the
extensive intramolecular proton transfer results in low
positional identity of mobile protons [11–19, 41], and
this has recently been termed as “mobile proton model”
[42–44]. Interactions among the terminal functional
groups, amidic carbonyls, and their neighboring amidic
nitrogens of peptides presumably provide low energy
pathways for proton transfer from the initial thermo-
chemically favored site to the amide nitrogen to form
the necessary N-protonated species. However, this pos-
sible neighboring group participation can hardly be
approached directly from protonated peptides them-
selves. Fragmentation of the MH1 ions of simple
amides is similar to that of peptides with respect to the
formation of protonated amine, which is analogous to
the y0 ions from protonated peptides. In the present
work, therefore, the fragmentation of amides was stud-
ied by utilizing chemical ionization (CI) and low energy
CID. The amides studied were selected to have another
functional group in either the acyl or the amine moiety
in order to investigate the role of the second functional
group in assisting the fragmentation of the amide bond
for protonated simple amides.
Experimental
Structures of all the amides studied are shown in
Scheme I. These compounds were prepared by acyla-
tion of the corresponding anilines with appropriate
acylating reagents; anhydrides were used for com-
pounds 1, 3–5, 9–12; diketene for 2 and 6; acyl chlorides
for 7 and 8. The purity of all compounds was checked
by EI mass spectra; particularly, because the fragmen-
tation of amides gives rise to the corresponding amines
under mass spectrometric conditions, the absence of
any anilines in the samples prepared was confirmed by
NMR spectrometry.
All CI mass spectra were acquired on an HP5988A
quadrupole-type mass spectrometer (Hewlett-Packard,
Palo Alto, CA) with methane as the reagent gas at a
source pressure of 0.5 torr and a source temperature of
150°C. Low energy CID experiments were carried out
using a VG Analytical ZAB-2FQ hybrid BEqQ mass
spectrometer (VG Analytical Ltd., Wythenshawe,
Manchester, UK) [45], in which the appropriate ion
beam was mass selected by the double-focusing BE
stage at 6 keV ion energy, decelerated to the appropri-
ate energy (5–45 eV, laboratory scale), and underwent
collision with N2 in the quadrupole collision cell (q)
with the ionic fragmentation products being analyzed
by the final quadrupole mass analyzer (Q). The N2
pressure was 2 3 1027 torr as read by the ionization
gauge attached to the pumping line for the quadrupole
section, which caused 30% attenuation in intensity of
the selected ion beam.
Scheme I
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Results and Discussion
The methane CI mass spectra of the amides studied are
summarized in Table 1. The base peak corresponds to
the protonated molecule (MH1) for almost all amides
studied except for those containing a free carboxyl
group. However, the intensity of the fragment ion we
are interested in looking at, protonated aniline (AH1),
shows considerable variation. For acetanilide (1), in
which no other functional group is affiliated, proto-
nated aniline (m/z 94) is only 1.6% of the MH1 base
peak. With the introduction of a functional group
capable of accepting a proton in either the acetyl or
aromatic portion of acetanilide, the abundance of the
protonated aniline is increased dramatically. For exam-
ple, protonated aniline is increased to 15% in the
fragmentation of protonated acetoacetanilide (2) and
protonated o-methoxyaniline (m/z 124) reaches a rela-
tive abundance of 49% for N-acetyl-o-methoxyaniline
(3). Metastable ion spectra for these compounds were
acquired; a similar dependence of the intensity of the
protonated aniline on the structure of the precursor
MH1 ion also was observed. For example, in the
mass-selected ion kinetic energy (MIKE) spectrum of
protonated acetanilide (1), the protonated aniline ion
(m/z 94) is only 0.36% of the main beam MH1 ion; this
ion is increased to 0.56% and 1.5% in the MIKE spectra
of acetoacetanilide (2) and N-acetyl-o-methoxyaniline
(3), respectively. Obviously, the incorporation of the
second carbonyl group in the acetyl portion or the
methoxyl group in the aniline moiety of acetanilide
promotes fragmentation of the amide bond and thus the
formation of protonated anilines.
Tandem mass spectrometry plays a central role in the
elucidation of reaction mechanisms, in providing infor-
mation about the dependence of a fragmentation reac-
tion on the internal energy of the precursor ion. CID
spectra of all these compounds were obtained at vary-
ing low collision energies; the 45 eV CID data are given
in Table 2. The breakdown graph for protonated acet-
anilide (Figure 1) shows that the elimination product,
protonated aniline (m/z 94), is the dominant product at
low collision energies with the acetylium ion (m/z 43)
increasing in importance as the collision energy in-
creases. This is the behavior one would expect [21, 24]
Table 1. CI mass spectra of amides (methane reagent gas)
Compound MH1 AH1 a KH1 b Other
1 136 (100.0)c 94 (1.6) 43 (1.0) 122 (0.5) 118 (1.0) 108 (0.4)
2 178 (100.0) 94 (14.7) 85 (1.0) 160 (2.1) 122 (3.0) 120 (10.6)
3 166 (100.0) 124 (48.7) 43 (1.5) 152 (7.6) 148 (1.4) 108 (2.5)
4 181 (81.9) 139 (100.0) 43 (1.0) 167 (1.2) 163 (1.0) 134 (1.0) 122 (1.0)
5 181 (100.0) 139 (0.7) 43 (3.0) 164 (1.2) 163 (0.1) 138 (1.6) 122 (0.5)
6 223 (100.0) 139 (31.5) 85 (5.0) 206 (1.5) 167 (2.8) 123 (1.4)
7 257 (100.0) 94 (2.0) 164 (3.1) 136 (0.4) 120 (1.2) 93 (1.7)
8 257 (100.0) 94 (1.1) 164 (—) 240 (0.4) 227 (1.1) 137 (0.4) 93 (0.9)
9 194 (68.5) 94 (100.0) 101 (54.7) 176 (51.8) 122 (6.4) 119 (0.4)
10 192 (30.1) 94 (100.0) 99 (76.5) 174 (9.4) 146 (0.3) 122 (5.4) 117 (0.8)
11 239 (48.2) 139 (100.0) 101 (49.3) 221 (28.8) 209 (4.2) 191 (3.2) 167 (1.8)
12 193 (60.0) 151 (100.0) 43 (1.0) 175 (0.4) 133 (25.8) 109 (1.0)
aProtonated aniline derived from MH1.
bProtonated ketene/anhydride derived from MH1.
cMass-to-charge ratio (relative intensity, %).
Table 2. CID mass spectra of protonated amides (45 eV collision energy, N2 collison gas)
Compound
Main beam
(m/z) AH1 a KH1 b Other
1 136 94 (100.0)c 43 (56.3) 77 (9.8)
2 178 94 (78.4) 85 (44.6) 160 (1.4) 120 (25.7) 77 (5.4) 59 (9.4) 43 (100.0)
3 166 124 (79.3) 43 (100.0) 109 (3.4)
4 181 139 (33.5) 43 (100.0) 121 (1.5)
5 181 139 (94.4) 43 (100.0) 122 (26.7) 93 (40.0)
6 223 139 (100.0) 85 (48.2) 206 (2.2) 165 (43.0) 148 (4.4) 122 (26.3) 93 (5.3) 59 (4.4) 43 (61.4)
7 257 94 (47.0) 164 (27.6) 136 (100.0) 120 (6.2) 93 (24.5) 92 (49.0) 78 (81.6) 77 (10.2) 65 (59.2)
8 257 94 (100.0) 164 (—) 138 (5.7) 136 (14.0) 120 (10.5) 106 (4.1) 78 (3.2) 77 (8.2) 65 (2.5)
9 194 94 (61.2) 101 (26.5) 176 (100.0) 148 (12.2) 120 (10.2) 77 (4.5) 73 (4.5) 55 (15.3)
10 192 94 (82.0) 99 (85.2) 174 (100.0) 146 (18.0) 132 (7.4) 128 (13.0) 120 (5.0) 77 (14.8)
11 239 139 (100.0) 101 (51.3) 221 (6.6) 121 (11.8) 91 (2.5) 73 (7.8) 55 (11.2)
12 193 151 (100.0) 43 (28.0) 133 (15.0) 109 (33.2)
aProtonated aniline derived from MH1.
bProtonated ketene/anhydride derived from MH1.
cMass-to-charge ratio (relative intensity, %).
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for a reaction that proceeds by way of an ion–neutral
complex involving, in this case, initial formation of an
acetylium ion/aniline complex, as shown in Scheme II.
Due to the intense inductive effect of the positive
charge, the a-hydrogen of the acetylium ion is ioniz-
able. Therefore, at low collision energies (and thus low
internal energies), this initial complex proceeds by way
of a proton-bound complex of ketene and aniline to
fragment to protonated aniline because the proton
affinity of aniline (209.5 kcal/mol) is greater than that of
ketene (198.0 kcal/mol) [46]. However, as the internal
energy of the ion is increased (by increasing the colli-
sion energy) simple bond fission occurs to give the
acetylium ion since this pathway is entropically favored
over the proton-transfer reaction.
In Scheme II, the structure of protonated acetanilide
is designated tentatively to be a, in which the extra
proton is specified to be at the nitrogen atom. As
already mentioned, it has been well documented that
the thermochemically favored protonation of a simple
amide occurs at the carbonyl oxygen atom [29]. For an
aromatic amide, although some ring protonation cannot
be excluded under chemical ionization conditions [47],
the O-protonated species presumably predominates the
population of the MH1 ions. Consequently, cleavage of
the amide C–N bond must be preceded by an intramo-
lecular proton transfer from this initial site to the
nitrogen atom. This 1,3-H1 migration, however, has a
high energy barrier [30] and hence does not take place
readily for protonated acetanilide, which is in agree-
ment with the low intensity of protonated aniline in the
methane CI spectrum of acetanilide. The attachment of
another functional group that is accessible to both the
oxygen and nitrogen atoms provides an alternative
pathway for proton transfer of low energy barrier.
Acetoacetanilide (2), for example, may be protonated at
the amide carbonyl oxygen (b), on the ring (c) or at the
terminal carbonyl oxygen (d) as shown in Scheme III.
The first two species can hardly isomerize directly to
the reacting configuration e. However, conversions
from b and c to d and then to e avoid high energy
barriers. Therefore, under conventional CI conditions,
protonated aniline from acetoacetanilide is much more
abundant than that from acetanilide (Table 1). Support-
ing evidence for a similar ion–neutral complex pathway
Figure 2. Breakdown graph for protonated acetoacetanilide.
Figure 1. Breakdown graph for protonated acetanilide.
Scheme II
Scheme III
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is obtained from collision experiments at different en-
ergies. The breakdown graph for protonated acetoacet-
anilide, shown in Figure 2, indicates that, with increas-
ing collision energy, the abundance of the major
product ion m/z 94 keeps decreasing after having
reached the maximum at 10 eV; a steady increase is
observed for its rival ion m/z 85 until the collision
energy reaches 20 eV. In the higher energy region, the
increase in abundance is taken over by the ion of m/z
43, which is the product of the further cleavage of
acetoacetylium ion by loss of ketene. In the lower
energy region (especially at 2.5 eV), another major
fragment ion of m/z 120 is produced from the hetero-
lytic cleavage of the other a-bond of the amide group,
which is induced by the charge on the terminal carbonyl
(Scheme IV).
A more striking difference in ease of the formation of
protonated amines is found for the acetanilide deriva-
tives bearing a nitro group. Figure 3 shows the methane
CI mass spectra of two isomeric acetylated nitroanilines
and an acetoacetylated nitroaniline. In the case of N-
acetyl-o-nitroaniline (4), protonated nitroaniline (m/z
139) is the base peak; in contrast, the m/z 139 ion drops
to only 0.7% for the para isomer 5. When acetoacetyl is
substituted for the acetyl group of the latter compound,
protonated nitroaniline is found to be 31.5% of the base
peak in the spectrum of N-acetoaceto-p-nitroaniline (6)
(Table 1 and Figure 3). Collision spectra of [41H]1 with
varying energies (Figure 4) support the fragmentation
through an ion–neutral complex, but the difference in
ease of the formation of protonated nitroanilines be-
tween 4 and 5 should be attributed to the difference in
availability of a neighboring group in assisting the
formation of the necessary amide N-protonated species.
Protonation of both 4 and 5 may occur competitively at
the carbonyl and nitro oxygen atoms; evidently, only
the ortho isomer is capable of intramolecular proton
transfers of low energy barriers. As shown in Scheme V,
nitro-protonated species f is converted to the amide
N-protonated molecule h via a 1,5-proton transfer, and
the ion g, in which the extra proton is on the carbonyl
group, can isomerize to h through f by taking advan-
Scheme IV
Figure 3. Methane CI mass spectra of (a) N-aceto-o-nitroaniline,
(b) N-aceto-p-nitroaniline and (c) N-acetoaceto-p-nitroaniline.
Figure 4. Breakdown graph for protonated N-aceto-o-nitroani-
line.
Scheme V
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tage of the assistance of the neighboring nitro group.
For the para isomer, however, the proton added at either
the carbonyl or nitro oxygen atom cannot be transferred
to the amide nitrogen through a low energy process. As
for compound 6, although the para nitro substituent
does not provide assistance in the fragmentation of the
protonated molecule, as in the case of 5, the second
carbonyl can serve as an aiding neighboring group as
that in compound 2 and brings about the difference in
reactivity between acetylated and acetoacetylated p-
nitroanilines (5 and 6).
Previous studies [48, 49] have shown that, in the CI
mass spectrometry of nitro-containing bifunctional mol-
ecules such as nitroanilines and nitrophenols, protona-
tion occurs at the nitro oxygen presumably because the
resulting MH1 ions are stabilized by the electron-
donating effects of the other group (e.g., NH2, OH). In
the case of acetylated nitroanilines, the nitro-protonated
species is probably a significant component of the MH1
ions, which would make proton transfer to the amide
nitrogen difficult for the para isomer. In the case of
N-acetoaceto-p-nitroaniline, however, protonation on
one carbonyl is promoted by the other carbonyl and
thus becomes more competitive with protonation on the
nitro group and, consequently, a more abundant proto-
nated nitroaniline ion is observed.
As compared with that of the acetylium ion, the
methylene hydrogen of phenylacetylium ion should be
more active since the conjugation effect between ketene
and the benzene ring contributes to the stability of the
corresponding phenylketene that may be produced
from a similar reaction. Therefore, two isomeric nitro-
phenylacetanilides (7 and 8) were prepared. However,
we were disappointed to find that the MH1 ions of both
compounds survived under conventional CI conditions
and did not fragment to a significant extent; as a result,
protonated aniline observed is as weak as that for
acetanilide in the CI mass spectra (Table 1). In the
fragmentation of [81H]1, because of the unavailability
of assistance from the para nitro group for the proton
transfer, the reaction forming protonated aniline has a
high energy barrier similar to that of [51H]1, thus
accounting for the low intensity of the m/z 94 ion
(1.1%). For compound 7, the ortho nitro is accessible to
the amide group, which leads to a more abundant m/z
94 ion (2.0%) than for its para isomer. It is also notewor-
thy that the CID spectra of these isomers shows more
pronounced difference. For example, the m/z 164 ion
(27.6%) and the base peak ion (m/z 136) for [71H]1 are
absent or weak for the other isomer in the 45 eV CID
spectra (Table 2). This difference in fragmentation be-
tween these two isomeric amides should be attributed
to the ortho effect of the nitro group, which assists
[71H]1 in forming the m/z 164 ion with a cyclic
structure (i); the subsequent loss of a CO affords the
m/z 136 ion which, as the base peak ion, is probably
stabilized by keeping the cyclic structure (Scheme VI).
In the process of the formation of the y0-type ions of
peptides, fragment of the C-terminus captures two
mobile protons of the peptide molecule [4, 41]. In
contrast, within the acetanilide molecules 1–8 discussed
in this study there are no other mobile protons except
the amidic hydrogen. One of the two protons trans-
ferred in the formation of protonated anilines is from
the CI reactant ions although migration from where it is
initially attached occurs before the fragmentation. For
example, the protonated aniline ion (m/z 94) in the CID
spectrum of the MH1 ion of acetanilide is observed to
shift to m/z 95 in the MD1 CID spectrum, which
corresponds to [C6H5NH2D]
1, as shown in Figure 5.
This spectrum also reveals additional information about
the pathway of proton transfer within protonated acet-
anilide. The phenyl ion of m/z 77 in the MH1 CID,
which is the product of loss of an ammonia from
protonated aniline, is found to split to a doublet at m/z
77 and 78 with a ratio of about 1:5 in the CID spectrum
of the MD1 ions. Compounds having assistance from
the neighboring group in the fragmentation (such as
acetoacetanilide) do not show this change. This is
indicative of the fact that the phenyl ring is involved in
the proton transfer process of the fragmentation of
Figure 5. CID (40 eV, N2) spectrum of the MD
1 ion of acetanilide
produced by acetone-d6 chemical ionization.
Scheme VII
Scheme VI
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protonated acetanilide as described in Scheme VII. The
deuteron on the carbonyl oxygen (the preferred site) is
first transferred to the phenyl ring. Hydrogens/deute-
rium on a protonated benzene ring have no positional
identities [50]; therefore, migration of the extra proton/
deuteron from the ring to the nitrogen is a randomized
process, which produces a ratio of 1:5 for the two
N-protonated species j and k; the subsequent elimina-
tion of a ketene followed by loss of an ammonia gives
rise to [C6H5]
1 and [C6H4D]
1 in this ratio. Participation
of the phenyl ring in the proton transfer provides a
pathway whose energy barrier is presumably a little
lower than that of the O 3 N 1,3-process. In the
presence of another proton–acceptor functionality
which is accessible to the amide group, the involvement
of the phenyl in the reaction is suppressed.
The second proton donated to the formation of
protonated anilines with compounds 1–8 has been
believed to be from the a-position of the acetylium ions
(cf. Scheme II), which leads to the formation of a ketene
as the neutral species of the fragmentation. The incor-
poration of a free carboxyl group as in amides 9 brings
about a mobile proton. It is therefore possible that the
labile carboxylic hydrogen, rather than carbon-bonded
ones, is transferred in giving rise to protonated anilines.
Both the CH4 CI mass spectrum (Table 1) and the CID
spectrum of [91H]1 (Table 2) show a significant ion of
m/z 101 in addition to the formation of protonated
aniline, and it has been found that the m/z 101 ion
produced in the ion source fragments in a similar way
to that of protonated succinic anhydride. When the
carbon-bonded hydrogens are rendered less reactive by
the introduction of unsaturation, as in N-phenyl maleic
acid monoamide (10), a similar behavior is observed;
both in the CH4 CI mass spectrum (Table 1) and in the
CID spectrum of [101H]1 (Table 2) the complementary
pair of ions are found at m/z 94 (protonated aniline)
and m/z 99 (loss of neutral aniline from MH1). The
latter ion (m/z 99) shows a CID spectrum similar to that
of protonated maleic anhydride. Furthermore, deute-
rium labeling experiments also reveal some helpful
information on the proton transferred in the reactions.
When the two labile protons of both 9 and 10 are
exchanged with CD3OD, their [M-d2 1 D]
1 ion gives
rise to a product ion of m/z 97 instead in the CID
spectra, which corresponds to deuteronated aniline-d2
ion. These results support the mechanism proposed in
Scheme VIII for the fragmentation of protonated 9, in
which the proton transferred is that derived from the
carboxyl group with formation of a neutral succinic
anhydride. A similar mechanism can be considered
applicable to the fragmentation of protonated 10. The
results obtained with protonated 9 and 10 are in agree-
ment with that for the fragmentation of protonated
peptides with respect to the formation of the y0 ions
where the migrating hydrogens originate from labile
positions.
For both succinic and maleic amides 9 and 10, in
addition to the formation of protonated aniline and
anhydride, a major competitive reaction is the elimina-
tion of water from the [MH]1 ions to form protonated
N-phenyl succinimide or maleimide at m/z 176 or 174,
respectively (Tables 1 and 2). With the introduction of a
nitro group to the ortho position on the aniline ring of
compound 9, for example, this dehydration reaction is
decreased significantly as can be seen from compound
11. The nitro group provides the second source for
neighboring group participation, which promotes the
fragmentation of the amide bond, and therefore the
protonated nitroaniline and succinic anhydride ions are
much more pronounced than other fragment ions.
More interestingly, interaction of two functional
groups in compound 12 leads to consecutive elimina-
tions of two ketenes from the [MH]1 ion giving rise to
protonated benzenediamine of m/z 109, although the
ion of m/z 151 from loss of the first ketene forms the
base peak in both CH4 CI and CID mass spectra (Tables
Figure 6. Breakdown graph for protonated diacetylated ben-
zenediamine.
Scheme VIII
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1 and 2). It is noteworthy that, in the low energy CID
spectra only two ions of m/z 151 and 133 are detected,
and with increasing collision energy, the relative abun-
dance of the former increases and the latter is varied to
the contrary, which is seen from the low energy region
of the breakdown graph shown in Figure 6. This implies
that the formation of the m/z 133 ion is competitive
with that of m/z 151 although loss of a water from the
m/z 151 ion would produce the same ion of m/z 133.
Accordingly, a reaction mechanism is proposed as
represented in Scheme IX. Cleavage of the first amide
bond gives rise to an acetylium ion and monoacetylated
benzenediamine; these two incipient fragments may
associate as in structure l, which leads to the formation
of m/z 151 ion and then m/z 109 ion through consec-
utive loss of two ketene molecules. It is also reasonable
that the acetylium ion is attached to the other acetyl
oxygen as in structure m; nucleophilic attack of the
amino to the carbonyl group and the subsequent elim-
ination of an acetic acid result in protonated 2-methyl
benzimidazole of m/z 133.
Conclusions
It has been shown that neighboring group participation
plays an important role in the fragmentation of proto-
nated amides; an adjacent functional group capable of
accepting a proton provides an alternative pathway of
low energy for the formation of the necessary N-
protonated species. By applying low energy CID, it has
been found that the fragmentation of protonated
amides proceeds by way of ion–neutral complexes. For
those compounds having mobile protons other than the
amidic hydrogen, it is indicated that such a proton has
the priority to be transferred in the reaction. Formation
of protonated amines from amides is similar that of the
y0 ions from protonated peptides. Therefore, this result
suggests that interactions in a peptide among the ter-
minal functional groups, amidic carbonyls, and their
neighboring amidic nitrogens along the backbone pro-
vide low energy pathways for proton transfer in the
formation of the N-protonated species and thus pro-
mote the fragmentation.
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